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during Coil Excitation 
Nishimura, A. 
Strain measurement of the cryogenic support structure 
of LHD has been carried out during the coil excitation. 
The support structure of the supperconducting magnets was 
cooled down to 4.5 K, and the measurement was performed 
s~ccessfully for a lo~g term under the cryogenic temperature, 
high vacuum and high magnetic field. In this report, the 
results under 2.75 T at the magnetic axis in the standard 
plasma position (#1-0 mode, R = 3.75 m) are presented and 
stresses on the equators of the structure are discussed. 
The strain gage used is a tri-axial gage of which base 
diameter, gage length, electric resistance and gage factor are 
20 mm, 5 mm, 350 n and 2.0. To cancel the apparent 
strain due to temperature difference, a dummy stage where 
dummy gages were attached was welded to the structure 
near an active gage, and Wheatstone bridge was formed on 
the dummy stage. The strains on the inner and outer 
equators and the temperature change around the strain gage 
were measured continuously during the coil excitation. 
The location of the strain gages and the thermo-sensors in 
the structure is presented in Reference 1 and 2. 
The change in magnetic field at the magnetic axis 
under # 1-0 mode and temperature on the inner and outer 
equators are shown in Fig.I. The ramp rate up to 2.5 T 
was 0.1 T/min, and the step excitation was carried out under 
the rate of 0.01 - 0.02 T/min, then the coil currents were 
decreased at the rate of 0.1 T/min after achieving 2.75 T. 
The temperature on. the inner equator rises larger on the 
ramp up process, but decreases gradually during the step 
excitation, and rises again on the ramp down process. The 
eddy current generated by the fluctuating magnetic field 
causes the temperature rise. Therefore, the degree of 
temperature rise is different at each point depending on the 
sha~ and ~e size of ports and ribs. When the slower ramp 
rate IS appbed, the temperature rise becomes smaller. 
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Fig. 1 Change in magnetic field at magnetic axis and 
temperature on inner and outer equators. (#1-0 mode) 
. The relation between a square of the magnetic field, 
which corresponds to the electro-magnetic force, and the 
strain in the poloidal direction is shown in Fig.2. The 
strain changes linearly against the square of the magnetic 
field on the outer equator where the temperature rise is little 
and it suggests the outer equator deforms elastically. O~ 
the other hand, the strain shifts to negative direction on the 
inner equator. The temperature rise generates a negative 
apparent strain and it results in the negative shift on the 
ramp up and down processes. During the step excitation, 
the temperature comes down to near the initial temperature 
and the plots of the strain moves on a certain line. So, it is 
concluded that all the structure deforms elastically. 
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Fig. 2 Relation between a square of magnetic field 
and strain in poloidal direction. 
The stresses in the toroidal and the poloidal directions 
at 2.75 T at the magnetic axis (#1-0 mode) are summarized 
in Fig.3. The circles inside and outside show the inner and 
the outer equator, respectively, and the dotted lines show the 
horizontal ports. On the inner equator, a small compressive 
stress exists in the toroidal direction and a tensile stress of ca 
11 - 16 MPa exists in the poloidal direction. On the outer 
equator, both of the toroidal and poloidal stresses are tensile. 
The average values of poloidal direction stresses measured 
on the inner and outer equators of 10 sectors are 13.3, 38.1 
MPa, respectively. The results are in good agreement with 
the estimated stresses of 13.7 and 36.2 MPa by FEM. 
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Upper figure: 
Stress in toroidal direction. 
Lower figure: 
Stress in poloidal direction. 
Fig. 3 Summary of measured stress on both equators. 
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